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ØDØDWhat is a DO/ ?

DO/ is a groupof people(not justDuganO/ ’Neil ), a
detector, andanexperiment

TheDO/ collaborationis a groupof � 550physicists
from �75 institutionsin 18countries( �50%US)
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ØDØDWhat is a DO/ ?

DO/ is a large(5000ton)detectorat theTevatron
p � collider in Batavia, Illinois, USA.

Officially (http://www-d0.fnal.gov/):
“...researchis focusedonprecisestudiesof
interactionsof protonsandantiprotonsat thehighest
availableenergies.It involvesanintensesearchfor
subatomiccluesthatrevealthecharacterof the
building blocksof theuniverse.”

Or: “We look for evidenceof new physicsthrough
precisiontestsof theStandardModelanddirect
searchesfor new phenomenae”.

Or: “It is a particlephysicsexperiment”.
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ØDØDThe Fundmental Building Blocks

Forcehigh-energy
interactionsbetween
particles

Probesmallerand
smallerscales

Requireslargerand
largerenergies

Colliderscreatetemper-
aturesnotseensincethe
earlyuniverse
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ØDØDRecreate the Early Universe

Don Lincoln, Fermilab

Now (15 bi l l ion years)

Stars form (1 bi l l ion years)

Atoms form (300,000 years)

Nuclei form (180 seconds)

Protons and neutrons form    

(10− 10 seconds)

Quarks differentiate             (10−−

34 seconds?)
??? (Before that)

Fermilab

4×10− 12 seconds
LHC

10− 13 Seconds
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ØDØDThe Standard Model

fundamental
particles/interactions

3(2) forces:
Strong
Weak
EM

Something’s missing
(H)
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ØDØDThe Standard Model

UnifiedElectromagneticandWeakforces.
Numerouspredictionsincludingexistenceandmass
of W, Z bosonshave provedcorrect.

An annoyingly successful model.Hasbeentested
extensively for �20years...itis alwaysright

This modelis lookinga little smug

However, it hasweaknesses:
many (19) freeparameters
nounificationof forces
whataboutgravity?
darkmatter?
noHiggs(yet)
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ØDØDThe Standard Model

Low-energy effective theory

We testtheSM by measuringwith greatprecision
thepredictionsof themodel

Wesimultaneouslylook for new particles,
interactionswhicharenotpredictedby themodelat
all.

Many theories(includingSM) expectnew physics
betweenEW scaleandTeV scales(100-1000GeV).
Weareprobingsomeof this energy rangethisnow
(andwill pushfarthersoon).
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ØDØDThe Tools: Tevatron

Theseenergiescannotbeacheivedin yourbasement

AØ: The High Rise

BØ: CDF

CØ: Future 
BTeV

FØ: The RF

EØ: This Space
        For Rent

DØ: Fermi lab��s Best Detector
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ØDØDThe Tools: Tevatron

World’s highestenergy collider

Collidesbunchesof protonswith bunchesof
anti-protonsat two interactionpoints(BO/ andDO/ )
BoringTevatronstatistics:

6.2km circumference

centerof massenergy is 1.96TeV

designluminosityis 5x10

��

cm � � s � �

A broadbandquarkandgluoncollider (1 GeV-
1 TeV)
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ØDØDThe Tools: Tevatron

Multi-stageprocessto reachtheseenergies
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ØDØDThe Tools: DO/ Detector

Brief “any detector”description+ generalRunI
stuff, lessdetail
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ØDØDThe Tools: DO/ Detector

D0 Detector

DO/ asit wasfor
RunI

Calorimeter:
LAr/Uranium

Muon: 1.9Tfield

Tracking: tracker
(drift chambers),no
magfield, nosilicon
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ØDØDThe Tools: DO/ Detector - Cal

Measureenergiesof particles

DO/ is notedfor qualitycalorimetry. First useof
LAr-Uraniumcalorimeter.
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ØDØDThe Tools: DO/ Detector - Cal

BoringStatistics
3 detectortypesin depth:EM, FH, CH
nearlycompensatinge/h=1.04-1.11
granularity0.05x0.05- 0.1x0.1
energy resolution:

� � �	 
�� � �� � �
�� �� � � �� � ��

� �  � �� � �
� � � � �� � � ��

� � 
 �� � �
� �
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ØDØDDO/ Timeline

1983 first meetingatStonyBrook
1984 Approval from DOE

1985-1987 DetectorR&D
1988-1991 Construction
1992-1996 Data-Taking- RunI

1993 FirstPaperPublished
1995 Discoveryof TopQuark

1996-2000 Upgradefor RunII
2000 100thPaperPublished
2001 JanuaryRoll-in for RunII
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ØDØDPrevious Results: RunI

RunI Info:
1992-1996
Tevatronenergy 1.8TeV
mainring throughDO/
luminosity � � � � ���  � ��! � �
integratedluminosity

� � �#" $ � �

collisionsevery3.5 %s
DO/ readout120000channels
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ØDØDRunI

Main areasof study:

thetopquark
electroweak(W/Z) studies
QCD
thebottomquark
searchesfor new phenomenae
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ØDØDRunI: The Top Quark

Bottomquark
discovered- 1977.
Requiresapartner.

Hunt for thatpartner
quark(top) lasted
nearly20years

Lower limit onmass
was90GeV

Topquarksearchhigh
priority from thestart

Discoveryof top:
highlightof RunI
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ØDØDRunI: The Top Quark

Why look for thetop?Becauseit shouldbethere!

So,why studythetopquark?
Top is VERY heavy - 35 timesb mass,heavy as
anatomof gold!
Massis closeto EW scale,is top involvedin
breakingEW symmetry?
MeasuringtopandW massconstrainsHiggs
bosonmass
Decayof top is very fast(

� � � � &

s). Fasterthan
hadronization(

� � � � �

s). Studybarequark!
GeneralteststhatpropertiesmatchSM
predictions
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ØDØDRunI: The Top Quark

A few differentwaysto makea topat theTevatron

q

q
–

g t

t
–

q
q′

W t

b
b
–

g

First is known ast



or top-pairproduction.
Observed.

Electroweak(single)topproduction

Top decaysto Wb
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ØDØDRunI: Top Quark Results

Numberof events:

dilepton(ee,e %, % %) 5'

+ jets(leptonb-tag) 11'

+ jets(topological) 19
all jets 41

e ( 4
Youcouldgetto know eacheventpersonally

Top cross-section:
) � * � � +

pb - agreeswith theory.
Maybethis really is t



...

Top mass:

� + � � � ) � � �� *

GeV- bestmeasured
massof all quarks!
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ØDØDRunI: Electroweak Results

Thediscoveryof W andZ bosonswasannouncedin
1983.Total of 14events.

In RunIDO/ accumulatedover100000Ws and
10000Zs

DO/ usedtheZs to calibratethedetectorandmade
many importantimprovementsin W measurements
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ØDØDRunI: Quaero

Wouldyou like to analyzesomeRunIdata?

DO/ analysisof RunIdatais more-or-lesscomplete

A numberof RunIdatasetshavebeenmadepublicly
availablethroughquaero:seequaero.fnal.gov

Announcedin Naturein November2001.Also see
hep-ex/0106039.

Are you feelinglucky....
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ØDØDRunI: SLEUTH

Attemptamodel-independentsearchfor new
physics.Designagenericbump-finder!

Not assensitive to agiveneffectasadedicated
study, however, youdon’t have to only seewhatyou
arelooking for.

RunIdatahasbeenfed to thealgorithmandhasnot
foundanythingsignificantwemissed.

DuringRunII wewill beSLEUTHing!
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ØDØDThe Upgrade

RunIendedin 1996.Whathashappenedsince?

Tevatronhasbeenoverhauled.Main Ring replaced
with Main Injector.

Energy 1.8TeV 1.96TeV (almost40%
increasein top)
Luminosity

� � � � )�, � � �� �  � � ! � �

Bunchspacing

� � ) %! � *� -! � � � -!

RunIIa= 2fb � � , RunII = 15fb � � . 20-150timesmore
data

BothCDF andDO/ havebeenradicallychanged.
Trackingandtriggerupgradesextensive!

DO/ is reallyaNEW detector
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ØDØDThe Upgrade: D0

No magneticfield in RunI

No silicondetectorin RunI

Buy a 2 T magnet,build asilicondetector, build a
new CentralFibreTracker!
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ØDØDThe Upgrade: D0

New trackingsystemenhancesidentificationof
electronsandmuons,improvescalorimeterenergy
calibrationandallowsusto study/tagb-quarks!

800000channelsof silicon (RunIhad120kchannels
total!), coverageto

.0/ . � � � )
.

CentralFibreTrackeruses77000fibresin 8 layers
(stereo+ axial) readoutwith solidstatevisible light
photoncounters(VLPCs).

RunI calorimeterstays.However, completely
replaceall readoutelectronics.

Centralmuonsystemstays,but rebuild forward
systemandseparateprecisionreadoutandtrigger
functionality.

Completereplacementof triggerandDAQ systems.

Throw awayall softwarefrom RunI.Redesignand
rewrite in C++.
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ØDØDThe Upgrade: DO/ Trigger

Wecannotpossiblyrecord,reconstructandanalyze
everyeventthatoccursin ourdetector(2 TB/s!!!)

Needmassive datareductionbeforewriting to tape.
Only write “interesting”events(5-10MB/s).

Triggersystemis responsiblefor makingonline
decisionsfor whichdatawill bekeptandwhichwill
bethrown away.

Triggeringin ahadroncolliderenvironmentis never
easy:

Lots of data!!
Variedphysicsprogramme.Eachphysicsgroup
(eg. top,higgs,SUSY)hasasmany peopleasa
“big” experiment � 100people
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ØDØDThe Upgrade: DO/ Trigger

RunII acceleratorupgrademakesit more
challengingstill

Luminosityincreasesby factorof morethan10
Time betweencrossings

� � ) %! � � � -!

rates:
Level InputRate

1 8 MHz Hardware+ Firmware
2 10kHz Hardware+ Software
3 1 kHz PCs+ Software

to tape 20-50Hz LargeTapeRobot
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ØDØDProspects for RunII

New detector, upgradedaccelerator. Lots more
physicsto explorein RunII!

Precisionmeasurements+ SM favoura light
Higgs. In reach?
SeveraltheoriesbeyondSM (eg. SUSY)are
potentiallyaccessible
Studiesof topquarkpropertiesin RunIwere
severelylimited by smallnumberof events.
Increasedsampleof W/Z leadto increased
precision
Studytheb-quarkatDO/ for thefirst time
QCD studieswith highenergy jets,etc.
Model-independentsearches(SLEUTH)
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ØDØDRunII: Higgs

Wheredoesmasscomefrom?How canwegetit in
theSM?

EW symmetrybreakingoccursthroughintroduction
of ascalarfield.

Consequenceof thesymmetry-breaking
mechanism...existenceof aHiggsparticle.

This is thehighestpriority searchin particlephysics!

Fermilabis theonly placeto look for Higgsbefore
2007.

Canwefind it?
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ØDØDRunII: Higgs

Direct searchesatLEPhave excludedHiggsbelow
113GeV.

Precisionmeasurmentsof W/Z bosonsandTop
indicatethatHiggsis lessthan200GeV.

Example:m 1=115GeV
2 fb � � (2003)- excludeat95%confidence
5 fb � � (2004-5)- evidenceat3 �

15 fb � � (2007)- evidenceat5 �
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ØDØDRunII: Higgs

If massis low wehaveashot.Will takea lot of data.
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ØDØDRunII: Higgs
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ØDØDRunII: Top

RunI totalnumberof
eventsfor DO/ 2100.

RunII: write a few
thousandtopevents
to tape.

b-taggingwith
efficiency greater
than50%.

Expected (2fb � �)
mass 2-3GeV� 8%
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ØDØDRunII: Top - W helicity

Top quarksdecayto Wb
nearly100%of thetime

ProducedWs arenever
right-handed.70%long.,
30%left.

Angulardistributionof
leptonsensitive to helicity
of W.

Only previous
measurementfrom CDF
hasvery largeerrors

Should measureto 5% in
RunII
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ØDØDRunII: Top - W helicity

q

q

t

t

(a)

t
b W

l

ν
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(b)

W

l

ν
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	  � 3 465 �

�  � 57

 � 5 798 :  �; : �
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ØDØDRunII: Top - W helicity

Wantto measureBr(W 59<=> ) to 5%
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ØDØDRunII: Single Top

q
q′

W t

b
b
–

g

q

q
–
′

W t

b
–

Needsto bediscovered!

Cross-sectionproportional
to V ? @
Sourceof polarizedtop
quarks

First chanceto study
polarizationof a “bare”
quark!

Estimate discovery (or
close)in RunIIa
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ØDØDCurrent Status

Mechanicallycompletedetectorrolled-in to
collisionhall in Jan.2001 SFUFeb7-8,2002– p.42/50



ØDØDCurrent Status

RunII officially beganMarch1, 2001(by decree).

RunII reallybeganin April 2001.First collisions
April 3.

Theacceleratoranddetectorshave beenslowly
ramping-upeversince.

Accelerator:Still below RunI luminosities,major
upgradethissummer(recycler). New schedule:

200pb � � by end2001
2001-2004:RunIIa,2 fb � �

Shortshutdown for detectorupgrades
2004-2007:RunIIb,15 fb � �

2007-?:dependsonLHC
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ØDØDCurrent Status

Detectorwasmechanicallycompleteon roll-in in
January2001.However, notelectronicallycomplete.

Full fibre tracker readoutonly installedduring
October2001shutdown.

Piecesof triggerelectronicswerealsomissing.Have
slowly beenaddedsincethebeginningof therun.

Wehave notmadeany startlingphysicsdiscoveries
yet,but....

Wehave beenmakingtremendousprogressin
understandingthedetector!Remember, it is likea
wholenew experiment!
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ØDØDCurrent Status
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ØDØDCurrent Status
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ØDØDCurrent Status
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ØDØDCurrent Status
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ØDØDSummary

RunIwasagreatsuccessatDO/ (discoveryof top,
etc.)

This is averyexciting (andbusy)time to beat
DO/ !!!! !

DO/ is a new detectorin RunII

Upgradedacceleratoranddetectorgivesgreatnew
physicsreach!

Wehave startedtakingdata(April 2001).Weare
understandingourdataandourdetector.

Expectsomethingto beshown atsummer
conferences(70pb � �A

DoubleRunIdatasetby endof this year.
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